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In severely ill patients much time and effort are needed in the laboratory for the control of chemotherapy. However, this seems justified because much better results follow and sideeffects are reduced or avoided.
Early Detection and Prophylaxis Because of the large variety of presentations of bacteriemia many patients become severely ill before diagnosis. Patients receiving immunosuppressive therapy or who are severely ill may respond atypically to the presence of bacteria in the bloodstream, and treatment with steroids may completely mask infection. Thus a series of blood cultures should be taken in all patients with unexplained fever or shock. Even if the patient is considered to be urgently in need of chemotherapy, this should be given only after taking a blood culture. Under other circumstances it is best to delay treatment until a series of cultures has been obtained. However, after five independent samples have been taken further cultures are unlikely to yield significantly improved results, and after obtaining this number treatment should be started. Principles governing the choice of initial therapy have already been described, but where infection is diagnosed clinically early treatment will often control infection and prevent the development of shock. Because of the uncertainty of oral absorption, therapy should always be started by the intramuscular or intravenous routes.
The use of prophylactic chemotherapy in hospitals may result in a patient developing a resistant bacterial flora, and evidence to justify its routine use is lacking. The dangers of inserting indwelling intravenous and urinary catheters in debilitated or seriously ill patients are still not sufficiently appreciated (Darrell & Garrod 1969) and are undoubtedly responsible for many cases of bacteriemia. Mr A Marston (The Middlesex Hospital, London) 
Gram-negative SepticeTmia -Clinical Aspects and Physiological Management
This contribution is concerned in particular with the question of septicoemic shock, that is to say with the patient who collapses in the postoperative period because of a Gram-negative infection, and with the management of this situation. From all accounts the condition is becoming more frequent. Altemeier et al. (1967) at the University of Cincinnati, for example, have published a series of nearly 400 cases and called attention to the steady increase in the incidence of Gram-negative septicemia in general surgical patients over the last twelve years. The fact that this is a hospital illness, very unusual amongst the domiciliary population, demonstrates that instrumentation, antibiotics and resistant strains of bacteria are concerned in its causation. The mortality is very high: the overall mortality in Altemeier's series was 52 %, although this declined in the later years of his study.
The dangers of Gram-negative infections are connected with the endotoxins which these organisms produce. There is no question that when Gram-negative bacteria disintegrate their bodies release noxious lipopolysaccharides, which have profound pharmacological effects (Fig 1) . The difficulty here is that these effects vary greatly with species, so that it is very difficult to know how to apply rational pharmacological treatment. monkey, the effects are more conspicuous in the myocardium and pulmonary circulation. Whether we behave physiologically like rabbits or like dogs, or a combination of the two, when invaded by Gram-negative bacteria, is not known, but there have been very few reported instances of intestinal necrosis. The early clinical picture of Gram-negative septicemia is of a patient with a warm, dry skin who is mentally confused, may suffer chills and rigors or lapse into a coma, and has a low arterial blood pressure, the so-called warm hypotension. Later on these signs are reversed and the patient develops a cold, moist skin, pallor, anxiety, sweating, restlesssness, dyspnoea and cyanosis: in other words the signs of peripheral circulatory failure. The blood shows an early leukocytosis with a predominance of band-forms, and a thrombocytopenia. There may be activation of the lytic system and late defibrinogenation. The arterial pH and bicarbonate are lowered indicating a metabolic acidosis, and there are certain rather non-specific changes in serum enzymes: the glutamic and pyruvate transaminase, the lactic dehydrogenase and amylase all being raised. Later on, of course, the metabolic consequences of inadequate tissue perfusion take place, with a rise in blood urea and oliguria, ischemic changes in the ECG and a rise in blood sugar. The physiological explanation of these events and their connexion with endotoxaemia, is shown in 
Management
The battle is half-won if the diagnosis is kept in mind and made early. The way in which septicwemic shock can be distinguished from the other major causes of post-operative collapse (haemorrhage, pulmonary embolus, myocardial infarction and respiratory failure) has already been discussed. The presumptive diagnosis having been made, the other steps follow in logical order. They are as follows:
(1) Blood culture: This is preferably carried out at a peak of pyrexia, and must of course precede the giving of an antibiotic.
(2) Drainage ofpus: It is valueless to treat septicemia with sophisticated antibiotics and vasoactive drugs if the patient retains an undrained abscess. Careful physical examination should reveal such collections in the wound, the pelvis or subphrenic space, and the possibility of pulmonary or even cerebral abscess must be kept in mind.
(3) Antibiotic treatment: This has already been discussed in detail. It is important to note, how-ever, that many patients with severe Gramnegative infections will already have received an antibiotic, and indeed the really severe infections often occur in patients who have been given prophylactic antibiotics. Of course, if the probable sensitivities of the infecting organism are known, or if the opportunity has been taken to obtain pre-operative skin swabs, then an informed choice of antibiotic can be made. More often, however, one is completely in the dark and has to steer between the dangers of toxicity and ineffectiveness. I have personally used a combination of ampicillin and penicillin G (or cloxacillin), as being a pair of safe bactericidal drugs which will cover most Gram-negative organisms, with added effectiveness against a possible Gram-positive infection. If control is not achieved, gentamicin is probably the drug of choice (Jackson 1967 ).
(4) Fluid replacement: There are here two contrasted clinical situations. The patient who develops a Gram-negative infection following, for example, instrumentation of the urethra, has not lost any fluid from the intravascular compartment, but may nonetheless develop peripheral circulatory failure due to the effects of endotoxin. Transfusion of colloid and saline is required to maintain tissue perfusion, and it may be necessary to achieve a grossly abnormal intravascular volume, supplemented with vaso-active drugs. The other situation, which is much more difficult to control, is where septicemia complicates a multifactorial situation, involving abnormal fluid losses from hemorrhage, obstruction or fistula, with degrees of renal and myocardial failure. Because Gram-negative infection is so much more common in the elderly patient undergoing surgery, the situation is very frequently complicated in this way. In either event, the single most useful factor in guiding the nature and rate of fluid administration is the central venous pressure, and it is most important to monitor this at an early stage.
(5) The use of vaso-active drugs: The end result of gross physiological insult, be it hemorrhage, burning, infection or almost anything else, is a massive sympathetic discharge resulting at first in constriction and later in anoxic paralysis of the minute vessels and their sphincters. To this extent the use of vasopressor drugs, which comfort the ear of the clinician who listens to a large vessel but is deaf to what is happening to the perfusion of the cerebrum, myocardium and kidneys, is quite wrong. Whether one should use agents which actively dilate the peripheral vessels and thus reduce the work of the pump and improve flow is not clearly established, though there is growing evidence in its support. The two ways of achieving this are by using, on the one hand, an alpha-blocking agent, such as phenoxybenzamine, or, on the other, a stimulator of the beta-receptors, such as isoprenaline. It is, of course, unwise to use either of these agents unless the peripheral circulation is full, as indicated by the CVP reading. The disadvantage of phenoxybenzamine is that it reduces arterial pressure to very low levels, lasts for a long time and is difficult to reverse. There is, however, plenty of experimental and clinical evidence in its favour (Lillehei & MacLean 1959 , Martin et al. 1966 . Isoprenaline is in some ways a more promising drug, because it not only reduces the peripheral resistance, but also has a strong inotropic action and increases the efficiency of the central pump (MacLean et al. 1967) . Unfortunately, its effects on heart rate, rhythm and blood pressure are unpredictable in the situation of endotoxaemic poisoning. For this reason, it should be given in small doses (1-2 pg/min) in a drip, accurately controlled and monitored by ECG.
There is both experimental (Sambhi et al. 1965) and clinical ) evidence for the view that massive doses of steroids (prednisone 120-200 mg/24 hours, dexamethazone 40 mg/24 hours) can be useful in desperate circumstances. Here one is using the drugs not as physiological supplements (plasma cortisol levels are high) but for pharmacological purposes, and the reason for their action, which is capricious, is quite unknown. Because courses of treatment are always short, significant suppression of the adrenal cortex does not occur. Steroids are certainly not indicated in the average case. Summary (I) Infection of the bloodstream with Gramnegative organisms is an increasingly important complication of any form of surgery, particularly of operations involving the urinary tract.
(2) Its incidence increases with age and with the use of prophylactic antibiotics.
(3) It is difficult to diagnose, but in the early stages is characterized by a form of warm hypotensive shock and in the later stages presents a clinical picture difficult to distinguish from that of hemorrhage or major cardiovascular accident.
(4) Treatment of the established condition involves the use of antibiotics such as gentamicin, intravenous fluid replacement with simultaneous monitoring of the central venous pressure, vasodilator drugs and, rarely, corticosteroids. 
Gram-negative Septicaemia
Gram-negative septicaemia has a close relationship with disorders of the urinary tract (Gillespie et al. 1960 . When 20 cases of Gram-negative septicemia were reviewed in Bristol (Talbot 1962) it was found that in 17 and possibly in 19 the portal of entry had been some part of the urinary tract. The records of all the cases of Gram-negative septicxmia in two Sheffield teaching hopsitals during 1967 and 1968 revealed 10 cases, in 7 of which the infection had almost certainly entered the bloodstream from some part of the urinary tract. Taking the Bristol and Sheffield series together it is found that 500% of cases follow urethral instrumentation of some sort. The commonest of these is transurethral resection (TUR) of the prostate.
The commonest single portal of entry appears to be the urethra. Slade (1958) showed that bacteriemia was common after removal of an indwelling catheter. These organisms are normally destroyed but may occasionally flourish. It is striking both on reviewing the records and on seeing cases personally how often septicTmia develops on the day of catheter removal. It is much more common after TUR than after open prostatectomy. Much the same prostatic wound is created by the two operations. The real difference in the two groups is that in the transurethral operation a large rigid instrument is in the urethra for an appreciable time. During this prolonged urethral instrumentation much minor trauma presumably occurs, leaving mucosal breaches through which bacteria may pass.
A urethrogram performed on a patient with a urethral stricture shows how quickly the dye enters the regional veins (Fig 1) .
